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(57) Abstract 

Evacuated microspheres (10) and Insu- 
lating materials constructed from such micro- 
spheres (32) provide insulation and reduce heat 
transfer through radiation, conduction and con- 
vection. Additionally, an infrared reflective 
coating (16) is provided on a microsphere sur- 
face to reduce radiant heat transfer. A protective 
exterior coating (18) is also provided to protect 
as exteriorly applied infrared reflective coaling 
on such a microsphere. The evacuated micro- 
spheres are used in elastomeric roof coatings or 
exterior paints. 
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INSULATION MICROSPHERES AND METHOD OF MANUFACTURE 

FIELD OF THE INVENTION 

This Invention relates to thermal insulating materials and more particularly to evacuated glass or 
5 polymeric microspheres and Insulating coatings incorporating such microspheres, as well as methods of 
manufacturing same. 

PACKORQUNP PF THE INVENT1PN 

Hollow microspheres and methods of producing them are presently known. Typically, these 
1 0 microspheres are utilized to form insulation materials and coatings. In one method of construction, a blowing 
glass is used to form hollow microspheres. Small glass particles are introduced Into a heated zone, tor 
example a furnace, where the elevated particle temperature decreases the glass* viscosity such that the glass 
behaves as a liquid and readily flows. The glass particles which have low viscosity end surface tension form 
glass droplets. Microscopically small bubbles form Inside the droplets by a gas dissolved in the glass feed 

15 particles or generated from the votetiization of Mowing agents which have been Incorporated in the glass feed 
particles. The small bubbles coalesce to form a single and larger void within the glass droplet thereby 
producing a glass "bubble*. The glass bubble expands in response to the blowing gases produced within the 
feed particles, in addition to the irvpermeation of ambient gases while the bubble is held In the heated zone. 
Expansion stops when the bubble's internal pressure balances with forces produced by the combination of 

20 surface tension on the glass and the external ambient pressure. When bubbles exit the heated zone and are 
exposed to much lower temperatures, they rapidly solidify due to their relatively small heat capacity, thereby 
forming solid glass shells. Typically, this technique produces shells having a diameter ranging from 
approximately 5 microns to approximately 5,000 microns. However, aD commercial shell manufacturing 
processes carried out in this general manner produce shells which contain appreciable residual gases. 

25 The performance of thermal Insulation is routinely described in terms of an R-value and an R- 

varuefach. The R-valuofnch Is the same as the reciprocal effective thermal conductivity, In the units of hr-ft 2 - 
°F>BTU-inch. As an example, conventional fiberglass Insulation has an R-value/inch of 3 or more, and an R- 
value for a 9 and 1/2 inch layer is 30, all numbers for normal room temperature. However, an inch of stagnant 
air has a higher R-value, 5.5. The fiberglass is needed to preclude convection, bulk movement of air, which 

3D if allowed to occur significantly decreases the R-value, much more so than does the presence of the 
fiberglass, which is an alternative conduction path. Much higher performance insulation materials and 
configurations are needed. Hollow microspheres are an alternative insulation material with improved thermal 
performance characteristics. 

The use of evacuated glass microspheres as an important component of improved insulation has 

35 been recognized for some time. The use of a reflective layer within or outside of such a shell has also been 
referred to. An excellent reference to these effects Is the patent by Torobin, U.S. Patent No. 4.303,732. 
Torobin reports R-vatuerinch of 3 to 1 1 for glass shells with e tow thermal conductivity gas within the shell; a n 
R-value/inch of 5 to 15 for glass shells with a low thermal conductivity gas within the shells and a low 
emesMty. reflective coating; an R-value/inch of 25 to 35 for evacuated shells with a low emisswity reflective 

40 layer; and other ranges of R-vaJuetoch, up to 70, tor alternative insulation configurations. The specific details 
of the microspheres, such as sphere aspects ratio are not reported. 
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To produce bolter-value insulation based upon the Incorporation of shells In the overall Insulation, 
efforts have focused upon shell evacuation to minimize the thermal conduction of the contained gas and on 
producino a high aspect ratio shell to minimize the shell-wall conduction, but with limited success. As a 
review, the effective thermal conductivity of shells is e function of the shell aspect ratio, wall material (such 
5 as glass or polymer) and the shell gas composition and pressure. In general, the lower the thermal 
conductivities of the wall material end the internal gas. the lower the effective shell thermal conductivity. For 
me Internal gas the higher the effective molecular weight, nominally, the lower the thermal conductivity. For 
example, at 120°F the thermal conduct*** of hydrogen, steam, air. C02, S02 and butane (gas) ere 0.1 15. 
0 014(5), 0.016. 0.01. 0.0060 and 0.011 BTU-tt/hr-'F-ft* ("Chemical Engineering Handbook-. 3td Edition. 
10 Perry. M^rav^fll). Al sufficiently low pressures the mean free path ot the gas molecules b large compared 
to the shell Inner diameter and the conducSonthftwghthegastocomea much less, and essentially linear with 
pressure. For a particular gas In shells of approximately 100 micron inside diameter, the thermal conductivity 
decreases as the gas pressure decreases below a fewTorr. Under these conditions the lower the pressure 
the tower the thermal conduction through the internal gas. However, there are practical limits to how low a 
15 gas pressure la needed depending upon the shell wall material and shell aspect ratio. For each case there 
are diminishing return limitations. 

Under some conditions the conduction through the shell wall can dominate (as for sample a low 
aspect ratio shell of a high thermal conductivity wall material) the overall heat transfer, regardless of the 
internal gas pressure and composition. Both glass shells and polymer shells are available. The thermal 
20 conductivity of the polymers (approximately 0.1 BTU-ft/hr-'F-rt*) used for shells is much lower than that for 
glasses (approximately 0.6 BTU-ft/hr-'F-ft 2 ) used for shells. Thus polymer shells are preferred for selected 
applications for which their other properties are acceptable. Glass shells are. however, the dominant 
candidates for Insulation applications. The shell aspect ratio must be aa high as feasible to minimize the shell 
thermal conductivity. The manufacturing process and application conditions dictate the aspect ratio. 
25 However, there are smite to how high the shell aspect ratio can realistically be for the particular application. 
Mechanical loading on the shells, tor example, can cause toss of mechanical integrity and thua pose a bmft 
on aspect ratio. 

To maximize the possible insulation value of micro shells, attempts have been made to evacuate 
sheteordrectiy manufacture evacuated shells. One apparently successful out-permeation of residual gases 

30 from borosllicate glass shells (type B12AX produced by the 3M Corporation) was reported by Parmtey end 
Cunnington. (R.T. Parmley and G.R. Cunnington. 'An Uttra-Bghtwetght. Evacuated. Load-bearing. High 
Performance Insulation System." Proceedings of 2d AlAA end ASME Thermophysics and Heat Transfer 
Conf., Palo Alto. CA. (1978)). Residual gases in such shells were reported to be 89.97% SO, and 0.03% air. 
at a total pressure of 2.1 x 10* Tort. Permley and Cunnington claim to have obtained Internal pressures of 

35 ,0.1 mTorr by baWng shells in a vacuum at nominally 421 -C for 20 days. The aforementioned glass shells 
(type B12AX) were an experimental product be.no developed by 3M. Currentiy. shells of essentially the same 
glass composition (a soda-llme borosllicate) end containing similargases are commercially available from 
3M. 

As an example of attempts to manufacture evacuated shells refer to Torobin. U.S. Patent 4 ,303.732. 
40 whichreveabapmcesstonuinu^ 

-2- 



WO 96/07538 



PCT/US95/11340 



ehefb from a molten glass using a coaxial nozzle. The blowing gas flows through the Inner nozzle and the 
glass flows through the annurus about the Inner nozzle thereby forming a glass bubble, which Is subsequently 
detached by vibration or the action of a second transverse gas stream. 

The vacuum can be formed by any of several ways, such as entraining into the Wowing gas, particles 
5 of metal or metal organic compounds which wfll become gaseous at the molten glass temperature, and which 
upon cooing wf I re-sofcJify and form a reflective film on the Inner surface of the microshell. The residual gas 
pressure at room temperature results from any trace In-permeated gas plus the vapor pressure of the metal. 
VWh a proper choice of metals, the film will exhibit a very low vapor pressure. Apparently, this process has 
been successfully demonstrated, but is not commercially viable. 
10 Coxa, In US. Patent No. 3,607,169, reveals a similar process. Again, the production of the shell Is 

based on the use of metals as blowing agents. In this case, glass-coated metal particles are made by an 
extrusion method. As m the case of the Torobin patent, this process is not commercially practiced. 

Sowman, in U.S. Patent No. 4,349,456,.reveals a process for making ceramic metal oxide shells, 
which is nevertheless similar to Coxa and Torobin in that It also requires generating individual feed particles 
15 or droplets. The process does not utilize a blowing gas. It consists of forming droplets of an aqueous metal 
oxide sol and Introducing them into a dehydrating liquid which rapidly removes the water from the droplet 
forming 8 gelled microcapsule. These microcapsules are then recovered by filtration, dried, and fired to 
convert them Into shells. Prior to firing, the microcapsules are sufficiently porous that when placed in a 
vacuum during the firing process the gases can be removed, and subsequently the resulting shells will 
20 generally be Impermeable to ambient gases. This process is not commercially practiced. 

As examples of a different approach to microshell manufacture, one that employs steam as a furnace 
atmosphere component, refer to Manabe at al M In U.S. Patent No. 4.693,739 and Downs and Miller, In U.S. 
Patent No. 4,336,338. In these references significant partial pressures of steam as furnace atmospheres are 
used to obtain advantages In the production of microspheres. There Is also reference to water dissolved In 
25 the shell material to act as a blowing agent These two patents do not claim to give evacuated microshells, 
but do represent an alternative manufacturing scheme that has useful characteristics that we plan to expand 
upon and further develop to produce microshells that have much more easily removed enclosed gas. 

SUMMARY OF THE INVFI^QN 

30 Pursuant to this Invention, microspheres, Insulating coatings containing same, and a method of 

constructing same, are provided with shells formed from glass or polymeric material which is substantially 
evacuated to impart a high thermal insulation value. Coatings containing such Insulating microspheres will 
likewise have a high insulating value. 

When forming Insulating layers. It is desirable to reduce the heat transfer which occurs between 

35 surfaces at different temperatures by aft three heat transfer mechanisms, namely radiation, conduction 
(through both solids and gases) and convection, when possible and appropriate. The microspheres of this 
invention can provide characteristics which reduce all three heat transfer mechanisms. The Insulation 
applications of this invention use material shells of such small characteristic dimensions such that convection 
effects are unimportant. Conductive heat transfer and radiative heat transfer are functions of material 

40 selections and design and performance requirement considerations, and are to be minimized. 
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To reduce conduct heat transfer, two general aspects of nticroshell design and manufacture are 
important The first is related to the shall wall, the aspect ratio and the wall material; the second la related 
to the centered gas, the composition and pressure. In terms of shell wan, the tower the thermal conductrvtty 
of the wall material and the higher the aspect ratio of the shell, the tower the conductive heat transfer. As an 
example, polymeric wall material has an appreciably lower thermal conductrvtty than glass. Thus, the use 
of such low thermal conductivity polymer is preferred where this la consistent WHh other application 
considerations. Similarly, as high a shall aspect rath) as feasible, consistent with other application 
conaklerations, is preferred. In these manners the thermal conduction contribution by the shell wall can be 



10 In like consideration, the thermal conduction contribution of the mfcroshell gas content can be 

lessened by the appropriate choice of internal gas composition and total pressure. A tower thermal 
conduction contribution b associated with a higher molecular weight gas at a low pressure. In terms of 
rrtcna^ rnanufectum.tr* chetort 

consideration. Gases such as CO, and SO, are normally used. Water has been referred to as steam. Metal 
15 vsporr^beenreferredto. What is most economically reasonable depends upon technical and cost bade- 
offe as appropriate to the overall manufacturing process for mtoroshell production and the specific application 
for such mfcroshetts. 

Where subfile shells are not available for performing irvpermaation and out-permeabon. a method 
ofsheurr«mrfactumbalsod^ shelis that are easily evacuated with the methods 

20 ofthte^rrtoin^srtoe Along vertical furnace utilizes steam as its furnace 

atoxsphere, wherein water or steam is contained wtthln glass particles that acts as a Wowing agent to form 
the shells under furnace conditions. The resulting shells contain steam wHh trace amounts of air in Us 
BO^Vor^consauenls. The shells are then fcvpermeated wrth hydrogen m order to react the trace gases 
and are subsequent* raised to an elevated temperature and out-permeated to remove steam from the 

25 evacuated shells. 

A consideration In nsulation arjplicaiions is the significance of radiative heat transfer. Alowermsshrrty 
coating on microspheres can decrease radiative heat transfer. However, there are appfeatjons for wtech 
radiative heat transfer is of minor consequence, even for high emlssivity. Thus the use of a reflective layer 
(low errvssivity) b a design parameter «xt for son* Insulation appflcatons is not of any real use, and not worth 

30 the ^ ^ nto^ on heat transfer studies has resulted In a thermal model that we have used 

to predict insuiatJon layer performance, and also essentially confirm much of Toronto's reported results. As 
a resuft of these efforts, lb clear that much improvement in Insulation performance can be achieved byu^ng 
in the insulation layer small diameter (50 to 100 microns) high aspect ratio (shell outside diameter d^ed 

35 »mm*^~Wnm*^~^^~™'»^"*r* Mm * M 
conductivity gas. 

At one extreme, insulation layers based upon evacuation high aspect ratio shells, when coated wrth 
a tow emissMty. reflective layer, and evacuated rspace between the sheHs. the R-va^nch 
of super-insulation. For a reftactMty of 0.9. with all space evacuated, an R-valueAnch of near 3000 b 
40 predicted for a microsphere diameter of 100 microns with a shell aspect ratio of 100 and negligible contact 
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conductance between the shells. Similarly, if the reflectivity drops to 0.0, I.e., a perfect absorber/emitter, then 
the prodded R-valueAnch drops to about 300. For those Insulation applications tor which alJ the space within 
the Insulation layer is evacuated, the role of layer reflectivity Is especially Important 

Clearly there b strong motivation for evacuated high aspect ratio shells that have low thermal 
5 conductivity wall material. Polymer shells have the advantage of lower thermal conductivity compared to 
glass. However, other physical properties of polymer shells restrict the use of such shells to more narrow 
temperature limits when compared to glass shells. For a much broader range of thermal insulation 
applications, glass microspheres are the preferred material and shape of Interest 

One application of mlcroshelis employs such shells in a roof coating to enhance the insulation and 
10 improve the solar reflecttvrty chareder^ Preferably, the mlcroshelis are made of lower 

thermal conductivity glass and are evacuated. These mlcroshelJs could be manufactured as evacuated, or 
could be evacuated after manufacture. Such an evacuation method is detailed. 

For the case where microspheres must be evacuated, gaseous constituents which are trapped wfthin 
the shells as a result of shell manufacture ere reacted wflh hydrogen to form a gaseous mixture which can 
15 be removed through a procedure of out-permeation. Preferably, where oxygen is present within the glass 
shell, hydrogen is permeated through the walls of the shell to form a reactive gaseous mixture at elevated 
temperature. In this case, the hydrogen within the shell will react with oxygen to form steam. Other gases, 
for example carbon dioxide would react with the hydrogen to form carbon monoxide and steam. Further 
readant gases within the shell will also react with the hydrogen, or else with the products of other hydrogen 
reactions. After completion of the reactions, the remaining hydrogen and other formed gases will be removed 
by out-permeation. During this out-permeation process, a partial vacuum is formed around the spheres to 
remove the gases. 

For heat transfer applications for which radiative heat transfer b significant a highly reflective 
microshell coating is preferably formed on the shell to reduce the radiant heat transfer. Preferably, the 
25 reflective coating Is a metal layer formed on the exterior of the shell. Alternatively, the reflective coating may 
be formed on the inner surface of the shell, preferably as a by-product of the product gases formed by the 
reactions within the microsphere. 

Further additional advantages are provided by the present invention when utilizing microspheres 
coretruded according to the teachings of this Invention. Further thermal insulation value and utility is obtained 
30 when a plurality of such microspheres are assembled or nested together, particularly when forming a coating, 
since the highly spherical and hard shells resist flexing and maintain a point contact conduction relative to one 
another which reduces conduction therebetween. Such point contact significantly reduces interconnecting 
surface areas which greatly decreases conduction therebetween as well as conduction through a surface or 
a material formed from such spheres. 
35 Objects, features end advantages of this invention are to provide a microsphere end method of 

maWng Jt which greatly increases thermal insulation value of a material constructed with such microspheres 
by reducing conduction, radiation, and convection therethrough. 

Further objects, features and advantages of the Invention will become apparent from a consideration 
of the following description and the appended claims when taken m connection with the accompanying 
40 drawings. 
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Bag nPscRiPTTON OF THE DRAWINGS „,«, tel „ UB „ ton for 
^Ib.MH.doMl schematic diagram of the microspheres, or shells, of this invention for 

fonring mentally Irrsulatinginaterfals; . . Q 

FK3.2basd^dtegTam depict^ ^ 
5 insulating microspheres of this Invention; ^ . _ „ 

ftoMHomW***™'™*"''*** having an Insulating coating corseted w«h the 

microspheres of this invention; and 

FIG 4 la a achematic diagram depicting a method of manufacturing glaaa microspheres having 
proper** *Mch fedlrtate easy evacuation by the techniques depicted in FIG. 2 to achieve low Interna. 
10 pressures. 

nPTan ep PEscp'PTinM of THE p p*f f fflff B EMBODIMENT 

Referring in more detail to the drawings, FIG. 1 illustrates a small Insulating microsphere 1 0 rm *^ 
from a glass or polymer shell 12 having an evacuated Hutor 14 such that the microsphere provides reduced 
15 heat conduction end is optimal for constructing insulating materials and coatings. A highly infrared OR) 
reflective coating 16 may be provided preferably on the exterior of shell 12 to reduce radiant heat transfer. 
Furthermore, a protective^ thermal conducWty transparent coating 18 may be provided over reflective 
layer 16 to protect the reflective coaling from degradative processes. 

Prefer.bty.the reflective coating 16 to formed from a layer of omtalvmlch is deposited on the shefl 
20 12to provide a highly reflective surface In me Wrared region. In the preferred version, themetal costing b 
fcm^od on the outer surface of shelllZ AJtemativety. reaction products resulting from the reaction of refuel 
gasas within the microsphere which era used in constructing the shell can be condensed " « ta I"* 
surface of the shell 12 to provide such an Interior coating. In either case, the shell Is preferably coated wrth 
e Nn reflect coat* genera,* of a meta. such es Al. Zn. Ag. Co. Au, Ni, or Sn with thicknesses in the range 
25 ot30 to 50nm and with embs**y of less man or equal to 0.04 in the IR Onfra-red) range . fred»tion. 
. Furthermore, such a reflect*, co-ting can be provided on both the interior and exterior of shell 12 m order 
to further enhance reflection, particularly In me Infra-red region, which further enhances me Insulation 
properties of microspheres as well as materials and coatings formed from such microspheres 

Preferably me glass or polymeric shells 12 are formed with a high AR (aspect ratio) in order to 
30 optimfce thermal resistance. High AR refers to me ratio of me diameter of the she,, to the shetis wall 
U*Mm.ltmW^*~^»~~~*~»- An AR over 100 is desired. Howe^.some 
applications will require insulation which bears high loads which will necessitate use of smaller AR"s at the 

expense of thermal resistance. 

When constructing microsphere 10. a substantially evacuated shell 12 Is requfred to enhance .the 
35 cor^prope^ott^rr^re. ,„ order to ach*ve me desired evacuated ^™>*™*« 
forevacual^such^bdascribed^. 
of the she., at sufficient* high temperature to change and 

are formed dunng is menufacture. The types of refuel gases remaining In the shells attar manur e are 
.tependentonmes^ofaachmanufacturi^^ 
40 manufactured with subsequent shell evacuation as an anticipated step, often contain C0 2 and CO. or SO, 
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and 0 2 . Certainty other Wowing gases are alternatives, such as HjO, 0 2 , other. 

CcngtniftttgnofStiellff 

In Older to ottain via We evacuated shefls 1 2 (or constructing microspheres 1 0 of this invention, either 
5 a method b used to dkectfy produce evacuated glass or polymeric shells or selected commercially available 
shells are evacuated using the methods of thb Invention In order to produce the evacuated shells required 
to construct the microspheres 10. 

BJowtno agents that lead to gases that can be more easily removed by the methods of this patent are 
first introduced Into a glass mixture to obtain a homogenous mix for constructing such microspheres. The 
10 solid mixture of glass and Wowing agents Is then processed with existing, routine methods, e.g., the soBd 
mWure can be subsequently crushed and the resulting frft particles introduced Into a heated region where the 
particles are blown Into shells. By choosing the blowing agents such that they are either low vapor pressure 
solids at room temperatures as exemplified by selected patents by Torotfn Including U.S. Patent No. 
4,303,732, or by utffizing such blowing agents which can later be removed from the shells with an evacuation 
15 procedure, glass shells can be subsequently evacuated. 

Where commercially available shells which are suitable for evacuation by the methods of this 
invention are not available, the following method is preferably used to directly produce suitable evacuated 
glass shells. First, raw materials for forming a desired glass composition are mixed. Secondly, (he mixture 
of raw materials fe reacted at low temperature to form a final composition of material. Then, the composition 
20 is partially dried, crushed, and size-separated Into frft. Subsequently, a vertical furnace is used to form and 
blow glass shells at Ngh temperature according to the below-mentioned procedure. The resulting completed 
shetts are then separated from shell residue, and the shells are evacuated using the methods of this invention 
which removes water vapor from the shell interior. In this procedure, steam is utilized as the blowing agent 
during formation of the shells. The steam within the column results from the water which is retained in the 
25 injected glass frit, which has been only partially dried, and from steam separately injected Into the column. 
Typically, the water is contained In the raw materials used in forming the composition. With this procedure, 
basic raw materials are combined to produce glass shells which are readpy evacuated. 

As shown in FIG. 5, a long vertical furnace 38 having en internal furnace atmosphere with steam 40 
receives the glass frit material 38 and water or steamed contained in the nit which acts as a blowing agent 
30 to form the shells under the Internal furnace atmosphere and thermal conditions. The furnace is non- 
hazardous and prevents the In-permeation of undesirable gaseous constituents as a direct result of the 
furnace atmosphere 40. The steam which forms within frit particles 38 under elevated temperature is 
relatively easily removed from the shells by high temperature evacuation through subsequent steps as 
described and shown in FIG. 2. The procedures for out-permeating the steam as described hereinafter are 
35 shown in FIG. 2 and are necessary to obtain evacuated microspheres having insulation properties with the 
highest resistance (or maximum R-value) to conductive heat transfer. The degree of evacuation that is 
attainable within the shells is a desirable design parameter when constructing insulating applications since 
ioss of evacuation oSrnWshes the insulating properties. Gaseous conduction therefore results which can only 
be decreased by further evacuation, or by the introduction of other gases having superior insulating properties 
40 therein. The typical characteristics of a glass shell wall, however, cannot be further tailored to improve 
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^n. « b ^^ und^that Wama. ^ drops beyond a <^°"*™™2 
^ooaas. eTtortoer pressure drops further decree the conduct. However, the sheH ~« 
J^Tr*decr^ 

c^canbemc^topro^.*^ 

»n particular, me lrw**mea*>n of hydrogen at erevated temperatures and a subseouem reaction 

^ITcrTnpte oxygen »r^e a shell can be reacted wrto In^rmeated t^rogen to form steam whfch 
easty. For example, oxygen B "~ Qnrwnl , rhfta „_ ^ m^ed to derive more readily 

10 to rnore easily and readiy removed than the oxygen. Other approaches can be uwea w 

^ZZut-permestod gs^ u*ng various ether modfced constats within glass fm parses 3* 

^!^nema*e variations can be provided wherein frit parses 38 contain 
var^tob^1he.he»arK.whK*^^ 

Zun ep^te ^ of a, Warns! metal coating can be obtain* which g*es a hfch ^ c^(° 
t5 7t erZvCut wh.cn does not increase In thicKnes. suKdenby to grease toe rtoeH toarma, 
conduct. Typical* en interna! coatng o» at ,east 10 nar.me.rs » reared. Furthe rmore. 

chemical vapor deposition Is an alternative coaling technique. 

F» 2 shZtoe method for evacuating shells 12 of this invention whan construe** toe 
• This method relies on me permeation through the walls of toe shells by 

20 oases when subjected to suffldentiy high temperatures. „ Mft , rnllnh 
TbetoL»ofegesac**aeshellwa« te n^^ 
toaw^a^to^oftoZr^prcport^altoap^ 

rltnTtot parmaabZTtonc^ of toe waP materia, — £ 
compos. »d temperature. Th* per— Is normally measured ^^^^ 
25 parJ^radrKtooforce. . la. however, routine* used for desenbtog toe bansient bahav^ of preaau^ 
^rL^sheOS^-emp^bdone. ,„ more fundamental terms, P™"^ * 
I^e diffuse and toe sotob^ of the gaa * the wall materia,. P-~«* 
ramaycairianin^.tempa^re. PenneabUKy to e^ty ™ d ^^L™. 
Foundations for Vacuum Technology-. S. Dushman. 2nd EdioonJohnWriayar^ Sons. NU. 1962. pp.491 

decreases; e.g.. helium and hydrogen read* permeate shells, neon and argon, <££™™ 
oxygen and nitrogen permeate much more siowty. and gases such as CO, permeate neg^bty even 

40 ^t^rn*e>^ 
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degrees Centigrade end total pressures of a few to several atmospheres are used which will allow the 
reaction of hydrogen with the other gaseous constituents within the manufactured shell. In practice, hydrogen 
which permeates Into the shell comes from a mixture with non-permeable Inert gas, such as nitrogen, which 
Is provided on the exterior of the shells 12. Once the shells have been filled with hydrogen through 
5 permeation from an external gas mixture, the shells are maintained at a temperature which permits 
thermodynamically favored reactions to occur within the shells Interior 14. For example, oxygen will combine 
with the hydrogen to form steam. Likewise, carbon dioxide when combined with hydrogen will form carbon 
monoxide and steam. Other reacting gases within the shell will also react with the hydrogen, or with the 
products of other hydrogen reactions. The temperature sometimes required will depend upon the original 

10 constituents present within the shells, which wOl depend on the manufacturing process used to construct the 
sheDs. The shell gaseous contents which result depend upon the methodology used in the shell manufacture 
and the starting glass-forming reactants. 

Once the reactions have completed, the resulting hydrogen and other gases are removed by out- 
permeation Into a partial vacuum relative to the gases to be removed. The amount of vacuum needed to 

15 achieve this result depends upon the time allowed for the out-permeation, the product geses which are 
formed by the reactions, the glass composition, and the temperature of the out-permeation. 

As depicted in FIG. 2. a supply of hydrogen 20 and a supply of nitrogen 22 are mixed and fed into a 
permeation/reaction chamber 24. Spheres 1 2 having trapped gases therein 14 are fed Into the permeation 
and reaction chamber 24 where they are exposed to a nitrogen and hydrogen mixture of gases whBe 

20 maintained at elevated temperature and elevated pressure. Preferably, the elevated temperatures reach at 
toast a nominal 350°C and the pressure b at least a few atmospheres. In the preferred variation, the following 
reactions occur within the chamber 



25 after feeding these spheres through the permeatiorvreaction chamber 24, the spheres are received in an out- 
permeation chamber 26 where staged out-permeabon occurs at elevated temperatures (nominal 350°C), and 
at a partial vacuum. The time and temperature for this out-permeation depends upon the glass and gas 
composition wfthin each sphere 12. Subsequent to appropriate out-permeation of the gases in the chamber, 
shells are passed and directed onto conveyor 28 for delivery to packaging. Such shells are delivered with 

30 gases at reduced pressure and lower thermal conductivity. For example, construction of spheres according 
to FIG. 2 provide for spheres retained In permeation reaction chamber 24 for 3 or more hours at 350»C 
temperature and in the range of 3-10 atmospheres pressure. Subsequently, the cylinders are delivered to 
an out-permeation chamber 26 for 12 or more hours at 350 C C temperature and In the range of 1-10 rnilliTorr 
pressure. 



Construction of Insulation Coatings 
FIG. 3 depicts a wall tile 30 having an Insulation coating 32 retained on the tile which contains 
insulating microspheres 34 of this invention. Spheres 34 are constructed of hollow glass shells 12 having a 
metal coating 16. Such microspheres 34 are evacuated utilizing the methods of this invention to reduce 
40 conduction through the spheres. Alternatively, such a shell can be constructed of a plastic material. 



21V02 - 2H& 
COj+H^HjO+CO ¥ 



(3) 
(4) 
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Insulation coating 32 contains an admixture of binders, pigments, extenders, protective additives, to 
addition to the microspheres 34, which are joined and bonded together to form the Insulation coating. The 
binders bond the coating to the tile 30 and solidify and enforce the coating which retains the microspheres 

therein. # 
5 Furthermore, such a coating can be used with or without the metal coating provided.on each shell 

12. depending upon the details of the specific application and requirements for the coating In use. Such 
coatings may also be used for roofs, for exterior paint and interior paint, and other uses. These evacuated 
shells provide a crudaJ component in formulating a coaling which allows attainment of appreciably decreased 
thermal condudWy, and helps develop and retain a high reflectivity to solar and other infra-red radiation. A 
10 combination of long-term high IR reflectivity and low thermal conductivity decreases the energy loading, 
resulting from absorption and transference of heat, Into a coated enclosure. For example, such a coating 
could be utilized within an infra-red oven to retain heat more effldamty therein and enhancing the cooking 
operation of process. 

When formulating elastomer* roof coatings and exterior paints, it b desirable to utilize the evacuated 
1 5 spheres 12 in combination with other hfch quafity constituents to obtain a coating which (s especially reflective 
of solar redfction. which has a tow thermal conductivity, and appreciable reduces cooling and air conditioning 
power cost due to the Increased solar reflectivity and lower thermal conductivity. These coatings are 
preferably etastomeric to obtain excellent long-term adhesion to a variety of surfaces. An example of a 
preferred formulation of an elastomer* roof coaling, based upon highest quality constituents and glass shells 
20 s as follows: 



25 



30 



35 



||sjb Wo. 


Mflt-rM 




Volume Gal. 


1 


Water 


84.50 


10.14 


2 


Troysan 186 


2,00 


0.24 


3 


KTPP 


1.25 


0.05 


4 


Tamol 850 


8.00 


0.81 


5 


TTO2,Kronos2102 


152.00 


4.56 


6 


ZnOZOCO103 


31.00 


0.66 


7 


SIFT IN 


THE NEXT 


ITEM 


8 


Natrosol250 HBR 


1.00 


0.09 


9 


PA-328 


5.25 


0.75 


10 


Propylene Glycol 


34.56 


4.00 


11 


GRIND 


UNTIL 


SMOOTH 


12 


RhoptexEC 2540 


423.50 


48.34 


13 


Texanoi 


7.00 


0.88 


14 


SkaneM8 


1.60 


0.19 


15 


PA-328 


5.76 


0.82 


16 


Glass/polymer Shells 


50.00 


30.12 
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17 



Acrysol RM-625 



0,68 
608,10 lbs. 




Preferably, the (fiameter of shells 12 utifized in Ihe formulation of microspheres 34 when constructing 
the above roof coating or insulation coating 32 b dependent highly upon the details of the formulation, and 
especially the nominal required thickness for the dry coating film. For most coatings, the microsphere 32 will 
have a diameter nominally of 20-100 microns. For an insulation coating 32 which ts utilized on a roof, the 
dtemeter range of the shells could be larger. The nominal wall thickness range of the shells would be from 
less than 1 to several microns, depending upon the method of applying the coating to the substrate and thus 
the corresponding strength demands for the shells. 

The shells 10 utilized In constructing the coating 32 can be purchased from several manufacturers 
Including K-25™ as manufactured by Minnesota Mining and Manufacturing Company of 3M Company, 3M 
Center, Saint Paul, Minnesota. The evacuation of these commercially available shells can be accomplished 
as described infra utilizing the techniques of this invention. Furthermore, other various known techniques for 
evacuating shelis may be utilized. 

A further example of a thermal insulating coating of this invention is apparent where water is used as 
a binding agent with evacuated microspheres to provide a packing insulating material for application to an 
animals k^ured leg, for example for application on a horse. Such a packing would provide heat retention to 
the Injury which functions as a thermal Insulating bandage or heat pack. 

it is to be understood that the invention is not limited to the exact construction illustrated and described 
above, but that various changes and modifications may be made without departing from the spirit and scope 
of the Invention as defined In the following claims. 
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ICUUM 

1 . A thermal hsulating material for reducing heat transfer between a first and second location 
comprising: 

a pJuraity of substantially evacuated hollow microspheres clustered proximate one another 
5 to provide en Insulating layer. 

2. The thermal insulating material of claim 1 further comprising a binder admixed with said 
microspheres to form a concretion therebetween. 

1 0 3. The thermal insulating material of Claim 2 wherein said microspheres are formed from a 

hollow glass shell having a reflective flm provided on said shell wherein said binder is an elastomeric coating 
for reflecting solar radiation. 

4. The thermal insulating material of Claim 3 further comprising a UV absorptive pigment 
15 provided in said elastomeric binder, 

5. The thermal insulating material of Claim 3 wherein said elastomeric binder is latex. 

6. The thermal insulating material of Claim 5 further comprising an acrylic binder in combination 
20 with said latex vehJde for providing Insulating roof coating. 

7. The thermal fcwulating material of Claim 5 further comprising an acrylic binder in combination 
with sakJ latex vehicle for providing an insulating reflective paint 

25 8. The thermal insulating material of claim 1 wherein said microspheres are formed from a 

hollow glass shell. 

9. The thermal insulating material of claim 1 wherein said microspheres ere formed from a 
hollow polymeric shell. 

30 
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10. The thermal insulating material of claim 8 further comprising a reflective film provided on said 
glaaa shell. 

1 1 . The thermal insulating material of datm 1 0 wherein said reflective film is a metallic coating 
5 selected from the group consisting of AI, Ag, Cu, Au, Ni or Sn. said coating providing infra-red reflective 

characteristics. 

12. The thermal insulating material of daJm 1 0 wherein said film is provided on an outer surface 
of said shell. 

10 

13. The thermal insulating material ofctaim 10 wherein said film is provided on an inner surface 
of said shell. 

14. The thermal insulating material of datm 12 further comprising a low conductivity coating 
15 provided over said film, said coating operable to protect said film from degradation. 

15. The thermal insulating material of claim 1 1 wherein said metallic coating forms a thin layer 
less than 0.5pm in order to minimize heat transfer through the coating, said coating providing an emissMty 
in the infra-red range of * 0.04. 

20 

16. The thermal insulating material of claim 9 further comprising a metallic coating provided on 
an exterior of said shell, said coating operable as a barrier to permeation by ambient gases and further 
functioning as a reflective layer. 

25 17. The thermal insulating material of claim 9 further comprising a reflective coating provided 

on said shell and a low conductivity coating further provided on the exterior of said shell, wherein said low 
conductivity coating provides a barrier to permeation by ambient gases. 



30 



18. 



A method for producing hollow microspheres comprising: 
providing an add mixture of glass particles and blowing agent; 
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Introducing the blowing agent into the glass frit particles; 

heafing the glass frit particles and blowing agent in a furnace at temperatures such that the 
vtecccfty of the glass Is sufficiently low that a liquid glass droplet fe formed and the Wowing agent vaporizes 
to form blowing gasses, upon which the liquid glass droplet Is blown Into a glass bubble; 
5 cooling the glass bubble by removing it from the furnace which rapid ry solidifies to form a 

hollow glass shell. 

10. Themethodof claim 18whereln the blowing agent produces steam as the blowing gasses. 

10 20. The method of claim 1 8 wherein the blowing agent composes small metallic parties of tow 

vapor pressure soids which vaporize to produce the blowing gasses, wherein the remaining portions of metal 
coat the Inside of the resulting glass bubble. 

21. A method of daim 18 wherein the blowing agent is a silica sol gel. 

15 

22. A method for producing hollow microspheres comprising: 
coating small metal particles with glass; 

heating the glass coated metal particles such that the glass flows to encapsulate the metal 
particles and the metal particles subsequently vaporize to generate blowing gases to form a glass bubble; 
20 and 

coofrg and sofidrfylng<the glass bubble to form a glass shell with a vacuum Inside the shell 
and an IR reflective metal coating formed on the Interior of the walls of the glass shell. 

23. The method of Claim 22 wherein chemical vapor deposition is utilized to coat said small 
25 metal particles. 

24. The method of Claim 22 wherein RF sputter deposition Is utilized to coat said small metal 
particles. 

30 
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25. A method for evacuating hollow microspheres comprising: 

providing microspheres having read»y-reacting trapped gases therein; 

in-permeating said microspheres wrth reaction gases wherein the trapped gases and the 

reaction gases react at elevated temperatures and pressures to produce product gases readily permeable 

to the microspheres; and 

out-permeating said product gases at elevated temperatures and partial-produced pressure 

to remove such reaction gases from the microspheres. 
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